We describe the the improved properties of the NMHDECAY program, that is designed to compute Higgs and sparticle masses and Higgs decay widths in the NMSSM. In the version 2.0, Higgs decays into squarks and sleptons are included, accompagnied by a calculation of the squark, gluino and slepton spectrum and tests against constraints from LEP and the Tevatron. Further radiative corrections are included in the Higgs mass calculation. A link to MicrOMEGAs allows to compute the dark matter relic density, and a rough (lowest order) calculation of BR(b → sγ) is performed.
Introduction
The Next to Minimal Supersymmetric Standard Model (NMSSM) [1] [2] [3] [4] [5] [6] [7] [8] [9] provides a very elegant solution to the µ problem of the MSSM via the introduction of a singlet superfield S. For the simplest possible scale invariant form of the superpotential, the scalar component of S acquires naturally a vacuum expectation value of the order of the susy breaking scale, giving rise to a value of µ of order the electroweak scale. The NMSSM is actually the simplest supersymmetric extension of the standard model in which the electroweak scale originates from the susy breaking scale only.
In addition, the NMSSM renders the "little fine tuning problem" of the MSSM, originating from the non-observation of a neutral CP-even Higgs boson at LEP II, less severe [2] .
As in the MSSM, the phenomenology of the NMSSM depends on a certain number of parameters (mostly soft susy breaking parameters) that cannot be predicted from an underlying theory at present. It is then useful to have computer codes that compute physically relevant quantities as Higgs and sparticle masses, couplings, decay widths etc.
as functions of the initial parameters in the Lagrangian. Such codes allow to investigate which regions in parameter space are in conflict with present constraints on physics beyond the standard model and, most importantly, which regions in parameter space can be tested in future experiments and/or astrophysical measurements.
In the MSSM, corresponding computer codes are HDECAY [10] , FeynHiggs [11] , Isajet [12] , SoftSusy [13] , MicrOMEGAs [14] , Suspect [15] , Spheno [16] , CPSUPERH [17] , SDECAY [18] and DARKSUSY [19] . In the NMSSM, the only available code at present is NMHDECAY [20] .
In the present paper we describe the improvements performed in the version 2.0 of NMHDECAY. First we recall the features of the previous version of NMHDECAY, version 1.1. Starting from a set of (low energy) parameters it performs the following tasks:
• It computes the masses and couplings of all physical states in the Higgs sector and in the chargino and neutralino sectors.
• It computes the branching ratios into two particle final states (quarks and leptons, all possible combinations of gauge and Higgs bosons, charginos, neutralinos, but not decays into squarks and sleptons) of all 6 Higgs particles of the NMSSM.
• It checks whether the Higgs masses and couplings violate any bounds from negative Higgs searches at LEP, including many quite unconventional channels that are relevant for the NMSSM Higgs sector. It also checks the bound on the invisible Z width (possibly violated for light neutralinos). In addition, NMHDECAY 1.1 checks the LEP bounds on the lightest chargino and on neutralino pair production.
• It checks whether the running Yukawa couplings λ, κ, h t or h b encounter a Landau singularity below the GUT scale.
• Finally, NMHDECAY 1.1 checks whether the physical minimum (with all vevs nonzero) of the scalar potential is deeper than the local unphysical minima with van-
The improvements in the version 2.0 are as follows:
1. Further radiative corrections are added in the Higgs sector, in order to improve the precision of the Higgs masses calculations. In addition, all squark and slepton masses (and mixing angles for the third generation) are computed.
2. Branching ratios of all Higgs states into squarks and sleptons are computed, and squark and slepton loops are included in the Higgs decays to two gluons and two photons.
3. Experimental constraints from LEP and Tevatron on squark, gluino and slepton masses are checked.
4. The dark matter relic density can be computed, via a call of a NMSSM version of MicrOMEGAs (that is provided on the same web site).
5. The branching ratio BR(b → sγ) is computed to lowest order. 6 . A Makefile for optimal compilation is provided.
The conventions concerning the Lagrangian of the model are the same as in version 1.1:
The superpotential W is given by
(1.1) (Hereafter, hatted capital letters denote superfields, and unhatted capital letters the corresponding (complex) scalar components.) The SU(2) doublets are
Products of two SU(2) doublets are defined as, e.g.,
For the soft susy breaking terms we take
The resulting mass matrices and couplings can be found in the appendix of ref. [20] . The conventions are also listed within the FORTRAN code as comments at the beginning of each corresponding subroutine.
The input parameters relevant for the Higgs sector of the NMSSM (at tree level) are
As in the case of version 1.1, it is possible to a) use input and output formats according to the susy Les Houches Accord (SLHA) conventions [21] (with, however, a modified switch (65 instead of 23) for µ eff ), b) use a privately defined input and output format (scan), that allows to scan over a user defined range of the input parameters (1.5).
In the next section, we describe the improvements of version 2.0. Apart from the additional radiative corrections, we discuss the precise meaning (renormalization scale) of the input parameters. In section 3, we describe in detail how the different versions NMHDECAY can be installed, compiled, and linked to MicrOMEGAs. We conclude with a short outlook. 
, κ 4 and λ 2 κ 2 , and two loop contributions beyond the dominant double logarithms
Higgs decays
In addition to the Higgs decays considered in the version 1. 
Sparticle masses
The masses and mixing angles of the two charginos and five (in the NMSSM) neutralinos were already calculated in the version 1.1 of NMHDECAY in the subroutines CHARGINO and NEUTRALINO.
In the subroutine MSFERM in the version 2.0, also the slepton masses are computed, and the squark mixing angles and pole masses are calculated including the one loop α s corrections § . Here we assume that the input values of the running squark masses are given at scales that correspond essentially to these masses themselves (this avoids possibly large radiative corrections, notably in the case of a large gluino mass, and allows thus more easily to select a desired pole mass): The running squark masses M Q , M U and M D of the first two generations are assumed to be given at a scale
, whereas the running squark masses M Q3 , M U 3 and M D3 of the third generation are assumed to be given at a scale
. This latter scale is also the scale where the trilinear couplings A t and A b are assumed to be given.
For completeness, the subroutine GLUINO in the version 2.0 includes a computation of the gluino pole mass to the order α s . Again, it is assumed that the corresponding input parameter M 3 is the running mass at the scale M 3 .
Thus, in the version 2.0 of NMHDECAY the calculation of the sparticle spectrum is complete. Already in the version 1.1, the masses of the two charginos and the masses and couplings to the Z boson of the five neutralinos were compared to LEP constraints from direct searches and constraints on the invisible Z width. Now, in addition, NMHDE-CAY tests the squark and gluino masses against constraints from the Tevatron [24] and LEP [25] . As usual, NMHDECAY issues a warning in case where any of the present constraints is violated. NMHDECAY is thus quite unique in testing the complete Higgs and sparticle spectrum against constraints from accelerator experiments. § We thank S. Kraml for contributions to the corresponding codes
Dark matter relic density
The dark matter relic density in the NMSSM has recently been studied in ref. [26] (for previous investigations, see refs. [27] ). For this purpose, NMHDECAY 1.1 was used to compute the Higgs and sparticle spectrum, which was then fed into a new version of MicrOMEGAs extended to the NMSSM. MicrOMEGAs calculates all the relevant crosssections for the lightest neutralino annihilation and coannihilation. It then solves the density evolution equation numerically, without using the freeze-out approximation, and computes the relic density of the lightest neutralino.
In the version 2.0 of NMHDECAY, the dark matter relic density can be computed for any choice of input parameters, by setting a simple flag in the input file, through a link to this NMSSM version of MicrOMEGAs. The details on how this link has to be installed will be given in the next section.
In case the corresponding flag is on, the computed amount of dark matter is compared to constraints from WMAP [28] (.0945 < Ωh 2 < .1287), and a warning is issued in case the result is too large or too small.
BR(b → sγ)
In the version 2.0 of NMHDECAY the branching ratio BR(b → sγ) is computed to lowest order in the subroutine BSG. Contributions from charged Higgs and chargino/squark loops are included, which are the same as in the MSSM. The theoretical error is about 6% for tan β < ∼ 3, but increases rapidly with increasing tan β. Hence the result is only a rough estimate for tan β > ∼ 5.
How to install NMHDECAY
Two versions of NMHDECAY are available:
1. nmhdecay slha uses an input file and produces output files that are suitable generalizations of the SLHA conventions [21] . It is configured for studying the properties of one user-defined point in parameter space.
2. nmhdecay scan employs privately defined input and output files. It allows to scan over parts of or all of the NMSSM parameters λ, κ, µ eff = λ S , tanβ, A λ and A κ . it. In order to do this, one has first to remove the generated files using the script clean We now outline the particular features of the two versions of NMHDECAY.
NMHDECAY SLHA
The program nmhdecay slha uses the input file slhainp.dat, a version of which (slhainp.dat.test)
is contained in the directory NMHDECAY. This sample file appears in Table 1 The output files of nmhdecay slha are spectr.dat, decay.dat and omega.dat. The directory NMHDECAY contains test versions of these files -spectr.dat.test (see Table 2 • 
h) BLOCK STOPMIX, SBOTMIX and STAUMIX contain the mixing matrices of the stop squarks, sbottom squarks and stau sleptons respectively, as defined in the MSSM. i) BLOCK NMIX is followed by a printout of the obvious generalization of the 4 × 4 MSSM neutralino mixing matrix to the 5 × 5 NMSSM neutralino mixing matrix (with real entries); BLOCK UMIX and BLOCK VMIX are followed by printouts of the U and V matrices as defined in the MSSM.
The output file decay.dat gives the decay widths of all Higgs states into two particles, using the SLHA conventions and the above generalizations of the PDG codes both for the decaying particle and the final state particles. BLOCK DCINFO gives informations about the decay package (NMHDECAY version 2.0).
The output file omega.dat contains the relic density of the lightest neutralino (if OMGFLAG=1). BLOCK RDINFO gives informations about the relic density package (MicrOMEGAs version 1.3). BLOCK RELDEN is then followed by switch 1 corresponding to the relic density Ωh 2 and switch 2 corresponding to a warning in case the relic density of dark matter could not be computed or is excluded by WMAP bounds.
NMHDECAY SCAN
The program nmhdecay scan uses the input file scaninp.dat, a version of which (scaninp.dat.test) is downloaded automatically with the Fortran code (see Table 3 below). In this input file, the following parameters must be specified:
• the total number of points to be scanned in parameter space;
• the output format flag is 0 for "short", corresponding to simple rows of numbers per allowed point in parameter space, and 1 for "long", as described below;
• the flag OMGFLAG (0 for no relic density computation, 1 for relic density computation using MicrOMEGAs);
• lower and upper limits for the NMSSM parameters λ, κ, tanβ, µ eff , A λ and A κ ;
• the soft squark and slepton masses, trilinear couplings and the gaugino masses over all of which no scan is performed.
The scan in parameter space uses a random number generator, such that all NMSSM parameters are randomly chosen point by point in the parameter space within the spec- • the neutralino, chargino and gluino masses (all masses in GeV), as well as the neutralino composition in the basis ψ
• the pole masses and cosine of the mixing angle for the stop and sbottom states, as well as the pole masses of the squarks of the first two generations;
• the masses and cosine of the mixing angle for the stau states, as well as the mass of the tau sneutrino and the masses of the first two generation sleptons;
• the dark matter relic density (if OMGFLAG=1);
• the branching ratio BR(b → sγ).
The output file scanerr.dat shows how many of the points in parameter space have avoided fatal errors or violations of phenomenological constraints, and the range in the NMSSM parameter space over which points have passed all these tests.
Users who wish to call a subroutine as a function of the Higgs or sparticle properties (masses, mixing angles and other quantities computed during the course of the scan)
should use the parameters and common blocks found in the subroutine OUTPUT. The comments at the beginning of the main program should allow easy identification of all the parameters, branching ratios, mixing angles and so forth that would be of potential interest for inputting into a user's subroutine.
Summary and outlook
The version Finally, the relations between the input parameters at low scales and the corresponding parameters at a GUT scale should be calculated via the renormalization group equations, taking into account threshold effects at the susy scale.
We plan to treat these issues in the near future. 
